In this study, strategies for serum biomarker assessment were developed for therapeutic monitoring of HCV patients. For this purpose, serum chemokine/cytokine levels were measured by cytometric-beadarray in HCV patients, categorized according to immunotherapy response as: non-responder/NR, relapser/REL and sustained-virologic-responder/SVR. The results demonstrated an overall increase of serum chemokine/cytokine levels in HCV patients. In general, therapeutic failure was associated with presence of a predominant baseline proinflammatory pattern with enhanced CCL5/RANTES, IFN-a, IFN-g along with decreased IL-10 levels in NR and increased IL-6 and TNF in REL. SVR displayed lower baseline proinflammatory status with decreased CXCL8/IL-8, IL-12 and IL-17 levels. The inability to uphold IFN-a levels during immunotherapy was characteristic of NR. Serum chemokine/cytokine signatures further support the deleterious effect of proinflammatory baseline status and the critical role of increased/ persistent IFN-a levels to guarantee the sustained virologic response. The prominent baseline proinflammatory milieu observed in NR and REL yielded a restricted biomarker network with small number of neighborhood connections, whereas SVR displayed a network with integrated cytokine connectivity. Noteworthy was that SVR presented a shift towards a proinflammatory pattern upon immunotherapy, assuming a pattern similar to that observed in NR and REL at baseline. Moreover, the immunotherapy guided REL towards a profile similar to SVR at baseline. Analysis of baseline-fold changes during treatment pointed out IFN-a and TNF as high-performance biomarkers to monitor immunotherapy outcome. This knowledge may contribute for novel insights into the treatment and control of the continuous public health threat posed by HCV infection worldwide.
Introduction
Immunotherapy has been proposed as an alternative approach to etiological treatment of parasitic and infectious diseases aiming to assist the natural immune system in achieving control over infection (Vanham and Van Gulck, 2012) . Several immunotherapy formats have been evaluated over the years, including non-antigen specific strategies, the use of immunomodulators, antibodies that block negative regulatory pathways, as well as cytokines that activate the immune response to control pathogenic agents (D'Elia et al., 2013; Guo et al., 2014; Kong et al., 2010; Qian et al., 2016; Xiang et al., 2015) .
Hepatitis C virus (HCV) infection affects approximately 170 million people worldwide (Alavian and Haghbin, 2016; Chassagne et al., 2016; Han and Liu, 2016; King et al., 2016; Muñoz-G amez et al., 2016; Sharma et al., 2016; Tang et al., 2016; Wirth and Manns, 2016) . Efficient therapeutic interventions have been developed in the last two decades to control/minimize the impact of this worldwide health problem. Firstly, type-1 interferon alpha (IFN-a) monotherapy was recommended and, subsequently, combination of IFN-a or pegylated-IFN-a (Peg-IFN-a) with ribavirin (RBV) was extensively used to treat HCV infection. However, the virologic response with IFN-a based therapy depends on the HCV genotype (Dresch et al., 2016; Watanabe et al., 2016) . Indeed, patients infected with genotypes 2 and 3 have higher chances of sustained virologic response (SVR), while less impact has been reported for patients infected with genotype 1 (Ogawa et al., 2016; Rizk et al., 2016; Poizot-Martin et al., 2016; Łucejko et al., 2016; Kao et al., 2016; Punzalan et al., 2015) , suggesting that the immunological status observed prior to treatment, or the shift of the immune response observed after treatment onset, might be involved in the virologic response. In fact, it has been demonstrated that genetic variations of IFN-l-related genes are strongly associated with distinct patterns of therapeutic response to Peg-IFN-a/ RBV dual therapy (Mangia et al., 2013) . Moreover, it has been reported that early change in the baseline cytokine pattern is critical to support the sustained virologic response following Peg-IFN-a/ RBV therapy in chronic hepatitis C (de Souza-Cruz et al., 2016; Araujo et al., 2013; Zarife et al., 2011) . Several efforts have been made to establish novel biomarkers with relevant predictive values to monitor immunotherapy of HCV infection (Araujo et al., 2013; Rizk et al., 2016; Zarife et al., 2011) .
In the last five years, the treatment of HCV infection has evolved from the use of IFN-a (monotherapy or combined with RBV) towards the use of IFN-free protease and polymerase inhibitor combination regimens (Watanabe et al., 2016; Ogawa et al., 2016; Poizot-Martin et al., 2016) . However, preclinical studies have shown that several cytokines have considerable clinical potential in treating infectious, parasitic diseases at acute and chronic stages as well as allergic and degenerative conditions. As the field of cytokine-based immunotherapy expands, side effects, development of blocking antibodies and immunotolerance may emerge as idiosyncratic events that limit therapeutic effectiveness.
Effort to reduce or minimize such idiosyncratic effects of immunotherapy may be focused on identifying biomarkers to serve as predictors of therapeutic response. The detailed characterization of biomarker changes triggered by a given cytokine-based therapy may provide relevant insights to subsidize the development of therapeutic monitoring strategies as follow-up to immunotherapy of infectious diseases.
The present study intended to assess the pattern of serum biomarkers in HCV patients upon IFN-a-based immunotherapy, using novel approaches to evaluate the balance, baseline-fold changes, network connectivity and performance as a prototype evaluation to follow-up immunotherapy of infectious diseases.
Material and methods

Study population
A total of 73 subjects were included in the present study. Treatment-naive HCV patients (HCV ¼ 54, 33 males and 21 females, age range from 20 to 70 years old), chronically infected with genotype 1, were enrolled for a longitudinal follow-up investigation in parallel with recruitment of age/gender matching healthy blood donors (NI ¼ 19, 12 males and 7 females, age range from 19 to 58 years old).
The HCV patients under recommendation of antiviral therapy with Peg-IFN-a(2a or 2b)/RBV dual therapy were followed by multidisciplinary medical care at the Outpatient Liver Unit, Instituto Alfa de Gastroenterologia, affiliated to the Universidade Federal de Minas Gerais, Belo Horizonte, Minas Gerais, Brazil. Therapeutic response was assessed by viral load analysis carried Healthy blood donor controls were recruited at the Blood Bank Unit at Felício Rocho Hospital, Belo Horizonte, Minas Gerais, Brazil. Serum samples were obtained, aliquoted and stored at À80 C until use for chemokine/cytokine analysis by flow cytometry.
Exclusion criteria were: 1) patients infected by HCV genotype other than 1; 2) HBV and/or HIV coinfection; 3) other concomitant liver diseases; 4) use of immunosuppressants; 4) active alcohol consumption (>20 g/day for women and > 40 g/day for men); 5) previous antiviral treatment for chronic hepatitis C; 6) patients submitted to less than 48 weeks' therapy with Peg-IFN-a/RBV.
Informed written consent was obtained from all participants. The protocols were approved by the local Ethics Committee (Federal University of Minas Gerais, protocol number ETIC 226/06).
Chemokine and cytokine quantitation by cytometric bead array e CBA
Serum levels of chemokines (IL-8/CXCL-8, MCP-1/CCL-2, MIG/ CXCL-9, IP-10/CXCL-10 and RANTES/CCL5) and cytokines (INF-a, IL1b, IL-6, TNF, IL-12, INF-g, IL-4, IL-10 and IL-17) were measured by enhanced sensitivity CBA kits (BD Biosciences, San Jose, CA, USA), according to manufacturer's protocol. Samples were run in a FACSVerse flow cytometer using the FACSuite™ software (BD Biosciences, San Jose, CA, USA) for acquisition. Data analysis was performed using the FCAP Array™ software version 2.0 (BD Biosciences, San Jose, CA, USA) and the mean fluorescence intensity (MFI) of each bead cluster was determined for each chemokine/ cytokine tested. Forth logistic regression analyses were used to generate standard curves for each analyte. Concentrations (pg/mL) were extrapolated according to the standard curves. Chemokine concentrations were expressed as pg/mL. Cytokine levels were expressed in MFI. Additionally, chemokine/cytokine levels were expressed as categorical data (frequency of subjects with high serum levels) and baseline-fold changes (T12/T0) as described in the Data Analysis section.
Data mining, statistics and systems biology approaches
Conventional statistical analysis
Comparative analysis between NI and HCV groups was carried out by non-parametric Mann-Whitney test. Multiple comparisons amongst HCV subgroups (NR, REL and SVR) and NI were performed by non-parametric Kruskal-Wallis variance analysis followed by Dunn's post-test. In all cases, significance was considered at p < 0.05. GraphPad Prism software (version 5.03, San Diego, California, USA) was used for statistical and graphical arts.
Biomarker signature analysis
Chemokine/cytokine ascendant signatures were performed as previously reported by Luiza-Silva et al. (2011) , modified as follows: briefly, the global median values were calculated for each serum biomarker, considering the whole data universe (NI þ HCV at T0 þ HCV at T12 þ HCV at T48 ¼ total of 149). The global median was used as the cut-off to categorize each subject as they present "Low" (below or equal the global median) or "High" (above the global median) serum levels. In the next step, data was compiled on black-and-white diagrams to calculate the frequency of subjects with "High" serum levels by column statistics. The scatter plots displaying the cut-off for each biomarker, the diagram compilation and the column statistics are provided in Supplementary Fig. 1 . The frequency of subjects with "High" serum levels was assembled to build the overall ascendant biomarker curves. Data mining was carried out considering as relevant biomarkers those with frequency of subjects with "High" serum levels above the 50 th percentile. GraphPad Prism software (version 5.03, San Diego, California, USA) was used for bar charts and ascendant curve assembling and graph arts.
Systems biology approaches
2.3.3.1. Biomarker networks. Correlations between chemokines and cytokines for each HCV subgroups (NR, REL and SVR) were calculated by Spearman correlation test to generate a "p" and "r" matrices. Significant correlations at p < 0.05 were selected for network assembling using the open source Cytoscape software, version 3.1.1. The biomarker networks were constructed using circular layouts in which each biomarker is represented by a globular node. Connecting edges representing "r" correlation index underscored: strong positive (r ¼ 0.68), moderate positive (0.36 r < 0.68), strong negative (r ¼ À0.68), moderate negative (À0.68 < r ¼ À0.36) as proposed by Taylor (1990) .
Heatmap constructions.
The baseline-fold (T12/T0) indices were calculated for each biomarker and the whole data universe (NR þ REL þ SVR ¼ total of 43) used to define the global median values. The global median was used to categorize each subject as they present "Low" (below or equal the global median) or "High" (above the global median) baseline-fold index. The heatmaps were assembled to display the overall proportion of subjects with "Low" and "High" baseline-fold index (T12/T0) using Microsoft Excel software. The frequency of subjects with "High" baseline-fold index (T12/T0) was compiled by column statistics to generate the equalized number of subjects. Those biomarkers associated with frequencies of "High" baseline-fold index (T12/T0) above 50% were selected as putative tools to discriminate HCV subgroups (NR, REL and SVR). GraphPad Prism software (version 5.03, San Diego, California, USA) was used for bar charts and ascendant curve assembling and graph arts.
2.3.3.3. Decision trees. This novel approach is a widely used machine learning algorithm to select the minimal set of attributes that efficiently segregates unbiased clusters. Baseline-fold indices (T12/ T0) were also employed in the dataset to create decision trees. The decision trees were built using the Waikato Environment for Knowledge Analysis software (WEKA, version 3.6.11, Waikato, New Zealand) . This method searches attributes for group segregation with maximum classification accuracy and elects root and branch attribute nodes.
2.3.3.4. Performance analysis. The performance analysis was comprised of two distinct approaches including the Receiver Operating Characteristic (ROC) curve and Two-Graph ROC (TG-ROC) analysis. The operating-characteristic curves were assembled considering the sensitivity and specificity at distinct cut-off values. The ROC curve analysis confirmed the cut-off edges proposed by the decision tree analysis and also determined the global accuracy (area under the curve -AUC) of selected biomarkers. The statistical indices: (Se) sensitivity ¼ [true positives/(true positives þ false negatives)] Â 100 and (Sp) specificity ¼ [true negatives/(true negatives þ false positives)] Â 100. The TG-ROC plots further validated the proposed cut-off thresholds. The MedCalc software package (ver. 7.3) was used for the operating-characteristic curve analysis. GraphPad Prism software (version 5.03, San Diego, California, USA) was utilized for TG-ROC plotting and graphical arts.
Principal components discriminant analysis (PCA) was carried out to assess the association between serum biomarker baseline levels and the baseline-fold variability (T12/T0) to identify biomarkers able to clusterize the immunotherapy responders (NR versus SVR). The PCA graphs were built as XY plots considering the Log 10 Baseline Levels (T0) and Log 2 Baseline-fold changes (T12/T0) of all biomarkers, respectively.
Results
Overall profile of serum chemokines/cytokines in non-treated HCV patients
Quantitative analysis of serum chemokines (IL-8/CXCL8, MCP-1/ CCL2, MIG/CXCL9, IP-10/CXCL10 and RANTES/CCL5) and cytokines (IFN-a, IL-1b, IL-6, TNF, IL-12, IFN-g, IL-4, IL-10 and IL-17) were performed to characterize the overall profile of non-treated HCV patients as compared to healthy non-infected blood donors (NI). The median values of serum concentrations are shown in Fig. 1 . Data analysis demonstrated that HCV patients presented an overall storm of serum biomarkers except for IL-4 when compared to NI reference values (Fig. 1). 
Serum chemokines/cytokines in HCV patients according to the virologic status after immunotherapy
Follow-up analysis of serum chemokines and cytokines were carried out at baseline (T0), 12 weeks (T12) and 48 weeks (T48) after immunotherapy onset. The biomarker levels were compared amongst HCV patients categorized according to the therapeutic response in three subgroups named non-responders (NR), relapsers (REL) and sustained virologic responders (SVR). The median values of serum concentrations are provided in Fig. 2 . In general, therapeutic failure profiles (NR and REL) were associated with a prominent proinflammatory pattern at baseline, composed of increased levels of CCL5/RANTES, IFN-a and IFN-g. While NR displayed decreased levels of IL-10, REL showed increased baseline levels of IL-6 and TNF as compared to SVR. Nonetheless, SVR displayed an evident and significant decrease of proinflammatory status as compared to NR and REL, with decreased levels of CXCL8/IL-8, IL-12 and IL-17 (Fig. 2) . Noteworthy was that NR patients lacked the ability to uphold increased IFN-a serum levels as compared to SVR, throughout the immunotherapy follow-up (T12 and T48).
Ascendant biomarker signatures in treated HCV patients are consistent with distinct patterns of immunotherapy response
The chemokine/cytokine signatures were assembled in order to further characterize the reference groups (NI and untreated HCV) as well as HCV patients undertaking immunotherapy at baseline, 12 and 48 weeks follow-up (T0, T12 and T48). Biomarker signatures were constructed by converging continuous values of chemokine/ cytokine serum concentration into categorical data (low and high levels), taking the global median as the cut-off edge ( Supplementary Fig. 1 ). The ascendant frequency of subjects with high serum levels were compared by overlaid curves for NI vs HCV as well as for NR vs REL vs SVR at each time-point of immunotherapy follow-up (Fig. 3) .
The results showed that serum chemokine/cytokine signatures further corroborate that non-treated HCV patients display a massive serum biomarker storm as compared to NI, except for IL-4 (Fig. 3) . Moreover, the overlaid ascendant chemokine/cytokine curves further support the deleterious effect of prominent proinflammatory status at baseline (T0) for achieving successful results upon immunotherapy. In fact, at baseline (T0), an increased frequency of subjects with high levels of proinflammatory biomarkers was observed in NR and REL as compared to SVR. The ability of mounting a robust balanced proinflammatory/regulatory response at T12 seems to be critical to support the therapeutic success of SVR. This balanced profile could also be observed in SVR at T48 (Fig. 3) .
The relevance of persistent elevated IFN-a levels throughout immunotherapy in generating the sustained virologic response was also highlighted by the ascendant biomarker signature analysis. Indeed, an increased frequency of subjects with high serum levels of IFN-a was observed selectively in SVR throughout the immunotherapy follow-up (T12 and T48), but not in NR (Fig. 3). 3.4. Restricted biomarker network connectivity at baseline reflects therapeutic failure, whereas robust cytokine linkage predicts sustained virologic response Systems biology approaches applied to identify biomarker connectivity as predictive parameters for virologic response following immunotherapy are presented in Fig. 4 .
Data mining demonstrated that the prominent proinflammatory milieu observed in NR and REL at baseline, yielded a restricted biomarker network with a small number of neighborhood connections. Conversely, SVR displayed integrated cytokine connectivity, characterized by a large number of inter-node edges.
Noteworthy was that SVR presented, at T12, a shift towards a proinflammatory pattern upon immunotherapy, assuming a pattern similar to that observed in NR and REL at baseline.
The immunotherapy intervention guided REL forward into developing, at T12 through T48, a profile similar to that observed for SVR at baseline (Fig. 4). 3.5. Baseline-fold changes during immunotherapy (T12/T0) allowed for the selection of putative predictive hallmarks of therapeutic failure as well as sustained virologic response Baseline-fold changes are a reliable strategy to evaluate at the individual level changes in biomarker profiles, avoiding bias due to idiosyncratic features observed before immunotherapy onset. Fig. 5 shows changes in serum chemokine and cytokine levels observed at T12 relative to autologous levels at T0 (T12/T0). The analysis of individual baseline-fold values showed that changes towards higher levels of CXCL8, CCL2 and IFN-a are observed for SVR, as displayed in scatter plot distribution (Fig. 5 e top panels) . Categorical analysis of subjects with high baseline-fold index revealed that amongst a range of biomarkers able to discriminate NR, REL and SVR, only CCL2 and IFN-a were selective for SVR (Fig. 5 e middle panels in gray background).
Decision tree analysis further demonstrated that CCL2 and IFN-a are root biomarkers for categorizing immunotherapy outcome (Fig. 5 e decision trees) . In fact, whereas the baseline-fold change in CCL2 is the root attribute followed by CCL5 and CXCL10 nodes for identifying therapeutic failure with moderate performance (REL e 55% and NR e 75%), IFN-a root followed by TNF as first level node yields a decision tree able to segregate NR (92%) from SVR (72%) with superior performance.
3.6. Performance indices supported the baseline-fold changes of IFN-a as a useful biomarker for monitoring sustained virologic response after immunotherapy
Intending to determine the value of IFN-a and TNF for monitoring post-therapeutic outcome (NR versus SVR), scatter plot analysis was carried out using the cut-offs elected by the decision tree analysis, further confirmed by ROC and TG-ROC plots (Fig. 6) . Data indicated that IFN-a baseline-fold change above 14 and a drop of TNF below 0.8 are hallmarks of SVR, with high-performance operating-characteristics (Sensitivity ¼ 71%; 82% and Specificity ¼ 92%; 100%, respectively). Data mining by principal Fig. 3 . Serum chemokine and cytokine signatures in HCV patients according to the therapeutic response. Ascendant chemokine/cytokine signatures were constructed for reference groups (HCV ¼ and NI ¼ ) along with HCV sub-groups (NR ¼ ; REL ¼ and SVR ¼ ), assessed before (T0) and throughout the immunotherapy intervention (T12 and T48). Data are expressed as ascendant frequency of subjects with high serum biomarker levels as described in Methods. Biomarkers for which the frequency of subjects with "High" serum levels was above the 50 th percentile were used for data mining and are highlighted with gray rectangle backgrounds.
component analysis revealed that the cross-matching pairs (baseline-levels/baseline-fold change) of IFN-a individual values stand out amongst all biomarkers evaluated. In fact, a cluster of patients with high baseline-fold changes of IFN-a (T12/T0) can be clearly identified selectively in SVR (Fig. 6 e bottom panels).
Discussion
Immunotherapy is a rational approach to empower the natural immune system with effector mechanisms in order to achieve clearance of etiological agents causing parasitic/infectious diseases (Vanham and Van Gulck, 2012) . The understanding of chemokine/ cytokine changes induced by immunotherapy could provide insights to support the development of novel therapeutic strategies and minimize idiosyncratic effects.
The treatment of HCV infection has evolved over the years and the protease/polymerase/NS5 inhibitors era has started worldwide (Ogawa et al., 2016; Poizot-Martin et al., 2016; Watanabe et al., 2016) . In Brazil, these protocols based on third-generation antiviral drugs are still restricted to patients with moderate/severe fibrosis. Although the IFN-a-based treatment is no longer indicated for chronic HCV infection in several countries, the lessons learned from this immunotherapy strategy has clearly demonstrated the role of the immunological status on therapeutic outcome.
The present study assessed the pattern of serum chemokine/ cytokine levels in HCV patients over treatment with IFN-a-based immunotherapy as a prototype evaluation following immunotherapy of infectious diseases. The results demonstrated that, in general, therapeutic failure was associated with presence of a predominant proinflammatory pattern at baseline composed of enhanced CCL5/RANTES, IFN-a and IFN-g along with decreased IL-10 levels in NR and increased IL-6 and TNF in REL. In addition, SVR displayed lower proinflammatory status with decreased levels of CXCL8/IL-8, IL-12 and IL-17. The prominent proinflammatory milieu observed in NR and REL at baseline built a restricted biomarker network with a small number of neighborhood connections. Noteworthy was that NR fails to uphold IFN-a levels during immunotherapy. It is possible that NR patients may have developed a "sink effect" or a clearance mechanism mediated by the generation of anti-IFN-a antibodies. Moreover, repeated IFN-a administration resulted in "tolerance", and overdosing could even result in paradoxical immune suppression. Interestingly, the immunotherapy guided REL forward into developing a profile similar to SVR at baseline. These data may suggest that monitoring the immunological status at baseline in order to prescribe an anti-inflammatory therapy prior to treatment onset may contribute to successful response in NR and REL.
System biology analysis pointed out that SVR showed a biomarker network with integrated cytokine connectivity at baseline and shifted towards a proinflammatory pattern upon immunotherapy, assuming a pattern similar to that observed in NR and REL at baseline. In fact, a critical role of increased and persistent IFN-a levels throughout immunotherapy was imperative to guarantee the SVR. The serum IFN-a, a pivotal asset of the innate antiviral response, has been shown as essential for controlling viral replication. The ability of IFN-a therapy in eliciting early changes in Fig. 4 . Biomarker networks of HCV patients according to the therapeutic response. Networks of Chemokine/cytokine were assembled for HCV sub-groups (NR ¼ ; REL ¼ and SVR ¼ ), assessed before (T0) and throughout the immunotherapy intervention (T12 and T48). Correlation matrices were built with significant indices and circular layouts with globular nodes representing each biomarker connected by edges to identify significant (p < 0.05) correlation, as described in Methods. Connecting edges representing "r" correlation index underscored: strong positive (r ¼ 0.68) and moderate positive (0.36 r < 0.68) represented by solid lines; strong negative (r ¼ À0.68) and moderate negative (À0.68 < r ¼ À0.36) as dashed lines as proposed by Taylor (1990) [27] .
the baseline immune response towards a proinflammatory microenvironment has been pointed out as a critical event that leads to effective SVR (Araujo et al., 2013) . Analysis of chemokine/cytokine baseline-fold changes during treatment pointed out IFN-a and TNF as high-performance biomarkers to monitor immunotherapy outcome. These findings were further validated by data mining of principal components, which shows that patients with baselinefold changes of IFN-a (T12/T0) higher than 14 can be clearly identified as SVR.
The results clearly support that an exacerbated Fig. 5 . Serum chemokine and cytokine baseline-fold (T12/T0) in HCV patients according to the therapeutic response. Baseline-fold of chemokine/cytokine index were calculated for HCV sub-groups (NR ¼ ; REL ¼ and SVR ¼ ) as the ratio T12/T0, as described in Methods. The baseline-fold (T12/T0) indices were displayed as floating bars of minimum and maximum values overlayed by scatter plots of individual values for each biomarker. The heatmaps of equalized number of subjects, shown in the middle panels, were assembled to display the overall proportion of subjects with "High" baseline-fold index (T12/T0) according to the therapeutic response. Those biomarkers associated with frequencies of "High" baseline-fold index (T12/T0) above 50% were selected as relevant tools to differentiate HCV subgroups (NR, REL and SVR). Decision trees with putative biomarkers were assembled by machine learning algorithm in order to select unbiased clusters. Significant differences at p < 0.05 between groups are either underscored by connecting lines (lower panels) as well as symbols (*, # and x) for comparisons with NR, REL and SVR, respectively. proinflammatory status at baseline has a deleterious effect during HCV immunotherapy, leading to therapeutic failure. Our findings indicated that while the immune response was boosted by IFN-a therapy in SVR, the IFN-a sink effect was clearly detected in NR. Previous reports have demonstrated that a pro-inflammatory state at treatment onset is risky to support the SVR following Peg-IFN-a/ RBV therapy in chronic hepatitis C (Araujo et al., 2013; Sharafi et al., 2012; Yoneda et al., 2011) . This inappropriate immune activation was partly due to exacerbated IFN-a level at baseline in NR. Consistently, increased type-1 IFN activity has been related to a bad prognosis of viral infection (Craxi et al., 1995) .
Efforts to reduce or minimize such idiosyncratic effects of immunotherapy based on identifying biomarkers predictors of therapeutic response are a plausible approach to generate scientific support for future immunotherapeutic protocols. It has been demonstrated that modifying or targeting nonspecific immune responses is an important aspect of intervention of ongoing viral infections. The understanding provided by IFN-a-based approaches has paved the way into orchestrating the immune system favoring viral clearance. This knowledge may contribute for novel insights into the treatment and control of the continuous public health threat posed by HCV infection worldwide.
Conclusions
Analysis of baseline-fold changes during treatment pointed out IFN-a and TNF as high-performance biomarkers to monitor immunotherapy outcome. This knowledge may contribute for novel insights into the treatment and control of the continuous public health threat posed by HCV infection worldwide.
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